

system and method for performing PGR rapidly and for 
simultaneously monitoring the reaction. Still further, the 
present invention also provides a system and method for 
performing PGR rapidly and also continuously monitoring the 
5 reaction while it is ongoing and for adjusting the reaction 
parameters while the reaction is ongoing. 

Information regarding an On-line DNA Analysis System with 
Rapid Thermal Gycling is found in U.S. Patent Application 
serial no. 08/381,703 filed January 31, 1995 which is now 

10 incorporated herein in its entirety. 

The present invention may be embodied in other specific 
forms without departing from its spirit or essential 
characteristics. The described embodiments are to be 
considered in all respects only as illustrative and not 

15 restrictive. The scope of the invention is, therefore, 
indicated by the appended claims rather than by the foregoing 
description. All changes which come within the meaning and 
range of equivalency of the claims are to be embraced within 
their scope . 

2 0 What is claimed and desired to be secured by United 

States Letters Patent is: 
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1. A method of subjecting at least a first biological 
sampleXto rapid thermal cycling, the method comprising the 



steps of 
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[a) placing the first biological sample in at least 




a f i rs t\ container ; 

(b) \ raising the temperature of the first biological 
sample from a first temperature (T^) to a second 
temperature 0^2) in less than a number of second (s) equal 
to a value of\T2 minus T^, expressed in the cenitgrade 
scale ; 

(c) holding \ the first biological sample at a 
temperature at leasK as great as the second temperature 
for not more than aXfirst holding period, the first 



holding period being no 
(d) lowering th 



biological sample from 



the first temperature 



er than ten seconds; 



mperature of the first 



:ond temperature to at least 



essXfihan a number of second (s) 



equal to a value of T2 minus\ T^, expressed in the 
cenitgrade scale ; and 

(e) holding the first biological sample at a 
temperature at least as low as the firW temperature for 
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not mare than a second holding period, the second holding 
period being not greater than twenty seconds. 

\ 

2. A mettled of subjecting at least a first biological 

5 sample to rapid thermal cycling as defined in claim 1 wherein 

the step of placing^^the first biological sample in at least a 

\ 

first container compi^ses the step of placing a volume of the 
first biological sample in the first container, the volume of 
the first biological sa^mple being not greater than about 
10 10,000 fiL 



3. A method of subjecting at least a first biological 
sample to rapid thermal cyclingXas^ef ined in claim 1 wherein 
the step of placing the first bi/ological sample in at least a 
15 first container comprises the step [of placing the first 
biological sample in the first cont/^ifierv^aving a volume which 
is not greater than about ids^^OSXj [xH. 



4. A method of subjecting at leastXa first biological 
2 0 sample to rapid thermal cycling as defined mi claim 1 wherein 
the step of placing the first biological sample in at least a 
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first container comprises the step of placing a volume of the 
first biological sample in the first container being at least 
partially fabricated from glass. 
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5. A method of subjecting at least a first biological 
sample to rapid thermal cycling as defined in claim 1 wherein 
the step of raising Vhe temperature of the first biological 
sample comprises rai>sing the temperature of the first 
biological sample from V first temperature (Tj to a second 
temperature (Tj) in less \han a number of second (s) equal to 

T -T 

a value of 



A method of subjec 



at\le^^ a first biological 



sample to rapid thermal cycling as defeyined in claim 1 wherein 
the step of raising the temperature of\the first biological 
sample comprises raising the temperatHire of the first 
biological sample from a first temperatureX (Tj to a second 
temperature (T2) in less than a number of secWid(s) equal to 
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a value of 



T -T 

2 1 



\ 10 



7. A methoci of subjecting at least a first biological 
sample to rapid thermal cycling as defined in claim 1 wherein 
5 the step of raising tihe temperature of the first biological 
sample comprises the sVep of raising the temperature of the 
first biological sample from a first temperature to a second 
temperature at a first r^te at least as great as 1°C per 
second at a first rate at Aeq^t^as great as 1°C per second, 



10 the first temperature being^ 
second temperature. 



least 20°C different than the 



8. A method of subjecting aV least a first biological 
sample to rapid thermal cycling as defined in claim 1 wherein 
15 the step of raising the temperature ai. the first biological 
sample comprises the step of raising the temperature of the 
first biological sample from a first temperature to a second 
temperature at a first rate at least as ^eat as 10°C per 
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second, the first temperature being at least 20°C different 
than the second temperature. 

9. A methbd of subjecting at least a first biological 
sample to rapid tliermal cycling as defined in claim 1 wherein 
the step of raisina the temperature of the first biological 
sample comprises theXstep of raising the temperature of the 
first biological sample from a first temperature to a second 
temperature at a first \rate at least as great as 20°C per 



10 second. 



10. A method of subject\ng/at l,east a first biological 



sample to rapid thermal cyclii 
the first and second holdii 
15 about ten seconds. 



vas deqined in claim 1 wherein 



peVipdsXare not greater than 



11. A method of subjecting at l^st a first biological 
sample to rapid thermal cycling as defined in claim 1 wherein 
the first and second holding periods ar^ not greater than 
2 0 about one second. 
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12. A method of\subj,g^ing at least a first biological 
sample to rapid thermal /oyclinig as defined in- claim 1 further 



comprising the step of \t he "{^lacing a plurality of biological 
samples in a plurality of containers. 
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13 . ^ system for performing PGR and monitoring the 
reaction in\real time during temperature cycling comprising: 
a Wample container for holding a PGR sample, the 
sample container comprising an optically clear material 
holding less than 1 milliliter of a sample, the sample 
container having a first side, a second side, and an end; 

means f^r positioning the PGR sample in a monitoring 
position; 

means for\heating the PGR sample; 
means for cooling the PGR sample; 

control meana for repeatedly operating the means for 
heating and the means for cooling to subject the PGR 
sample to thermal cycling; 

means for optically exciting the sample to cause the 
sample to fluoresce; and 



means for detectinq the fluorescence of the excited 



sample . 




14 . A system for performing PGR and monitoring the 
20 reaction in real time^ during temperature cycling as defined in 
claim 13 further compVising: 
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\ 

means for^ determining at least one reaction 
parameter in acqordance with the detected fluorescence; 
and 

means for adjusting the control means in accordance 
5 with the reaction parameter. 

^ 15. A systen\ for performing PGR and monitoring the 

S^l^^*^^ in real tim4 during temperature cycling as defined in 

claim 14 further comprising means for adjusting the control 
10 means in accordance witn the reaction parameter. 

Bo 16. A system for performing PGR and monitoring the 

reaction in r\eal time during temperature cycling as defined in 
claim 15 furthW comprising a control mechanism which adjusts 
15 the operation of the means for heating and the means for 
cooling to alter me times the means for heating and the means 
for cooling operate\in accordance with the reaction parameter. 

17. A system folr performing PGR and monitoring the 
20 reaction in real time dur\ng temperature cycling as defined in 
claim 15 further comprising\a control mechanism which adjusts 
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a. 



the opera1^ion of the means for heating and the means for 
cooling to ^ter the rate at which the biological sample is 
heated and cooled in accordance with the reaction parameter. 



18. A system for performing PGR and monitoring the 
reaction in real time during temperature cycling as defined in 
claim 13 wherein theXsample container comprises a container 
fabricated at least partially from glass and having a volume 
not greater than about loXooo [iH. 



10 




19. A system for performing PGR and monitoring the 
reaction in real t^ime during temperature cycling as defined in 
claim 13 wherein the means for positioning the PGR sample in 
a monitoring position comprises a rotatable carousel. 



15 



20 



20. A system for performing PGR and monitoring the 
reaction in real time during temperature cycling as defined in 
claim 13 further comprisirw means for positioning the means 
for optically exciting the satnple and the means for detecting 
the fluorescence of excitec^ sample to optimize the 
fluorescence which is detected. 
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21. A sylstem for performing PGR and monitoring the 
reaction in real time during temperature cycling as defined in 
claim 13 wherein the means for heating the PGR sample 
comprises a forqed air heater. 
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22 . A system for performing PGR and monitoring the 
reaction in real time during temperature cycling as defined in 
claim 13 wherein the means for cooling comprises an air 
movement mechanism which transports ambient air to the sample 

10 container. 

23. A system fSr performing PGR and monitoring the 
reaction in real time during temperature cycling as defined in 
claim 13 wherein the cont^rol means comprises a microprocessor. 

15 

24. A \ system for performing PGR and monitoring the 
reaction in real time during temperature cycling as defined in 
claim 13 wherein the means for optically exciting the sample 
comprises a photo emitter structure positioned so that the 
radiation emitted^ therefrom impinges the side of the sample 
container. 



20 
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25. )^ system for performing PGR and monitoring the 
reaction in Veal time during temperature cycling as defined in 
claim 24 whesein means for detecting the fluoresce of the 
excited sample aK)mprises a photo detector structure positioned 
so that the radd)ation emitted from the side of the sample 
container is detecWd. 

26. A system for performing PGR and monitoring the 
reaction in Jreal time during temperature cycling as defined in 
claim 13 wherein the means for optically exciting the sample 
comprises a phato emitter structure positioned so that the 
radiation emitted^ therefrom impinges the end of the sample 
container . 




15 ^ 27. A system for performing PGR and monitoring the 
reaction in ireal time during temperature cycling as defined in 
claim 26 wherein the means for detecting the fluoresce of the 
excited sample comprises a photo detector structure positioned 
so that the racmation emitted from the end of the sample 
2 0 container is detected . 
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28. \ system for performing PGR and monitoring the 
reaction in ^eal time during temperature cycling as defined in 
claim 13 wherein the means for determining at least one 
reaction parameter in accordance with the detected fluoresce 
5 comprises means\^ for determining at least one reaction 
parameter selected from the group consisting of: product 
melting temperature \ product melting time, product reannealing 
temperature, product reannealing time, probe melting 
temperature, probe melVing time, primer annealing/extension 
10 temperature, and primer \annealing/extension time. 



29. A system for performing PGR and monitoring the 
reaction in real time during temperature cycling as defined in 
claim 13 whereiA the control means comprises means cooling the 
15 sample when the means for detecting the fluorescence of the 
excited sample detects that the product is completely melted. 




30. A system for performing PGR and monitoring the 
reaction in real time during temperature cycling as defined in 
2 0 claim 13 wherein the control means comprises means for heating 
the sample when the means\for detecting the fluorescence of 
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the excited sampi^e detects no more product generation, 

31. A system \ for performing PGR and monitoring the 
reaction in real time\during temperature cycling as defined in 
5 claim 13 wherein tke means for optically exciting is 
positioned to interact with the first side of the sample 
container and the means for detecting the fluorescence is 
positioned to interact with the second side of the sample 
container. \ 
10 \ 

32- A system for performing PGR and monitoring the 
reaction in real time during temperature cycling as defined in 
claim 13 wherein the means\ for optically exciting is 
positioned to interact with theXend of the sample container 
15 and the means for detecting the f iXiorescence is positioned to 
interact with the end of the sampleX container . 
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^ y/^ 33. \ system for performing PGR and monitoring the 
reaction in Veal time during temperature cycling comprising: 
a plurality of sample containers for holding a 
plurality of PGR samples, the sample container comprising 
an opticalljc clear capillary tube holding less than 1 
milliliter of\a sample having a sealed end and an open 
end with a seaPable closure on another end; 

means for holding a plurality of sample containers, 
the means for holding comprising a rotatable carousel 



10 



holding the sample aontainers; 



means for forcinq hot fluid into contact with the 



plurality of sample containers; 



15 



means for forcing Qool fluid into contact with the 
plurality of sample containers; 

means for repeatedly operating the means for forcing 
hot fluid and the means for fiorcing cool fluid to subject 
the PGR samples to thermal cycling; 

means for optically excitmg the sample to cause the 



sample to fluoresce; 



20 



means for detecting the fluorescence of the excited 
sample at both a first waveiLength and a second 
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wavelength; and 

means for determining at least one reaction 
parameter in accordance with the detected fluoresce and 
displaying the reaction parameter in a visually 
perceptible^ manner in real time. 



34 . A system for performing PGR and monitoring the 
reaction in real time during temperature cycling as defined in 
claim 33 further comprising means for adjusting the means for 
10 repeatedly operating in accordance with the reaction parameter 
such that the reaction is adjusted in real time. 





35. V system for performing PGR and monitoring the 
reaction in Veal time during temperature cycling as defined in 
15 claim 33 wh^ein the means for determining at least one 
reaction parameter in accordance with the detected fluoresce 
and displaying \the reaction parameter in a visually 
perceptible manneV in real time comprises means for 
determining a reactVon parameter selected from the group 
20 consisting of denatuWtion temperature and time, primer 
annealing temperature akd time, probe annealing temperature 



Thorpe, North & Western 
9035 South 700 East Suite ZOO 

Sandy, Utah 84070 Page 169 of 2 07 

(801) 566-6633 




and time, enzyme extension temperature and time, and number of 
cycles . 



Thorpe, North & Western 
9035 South 700 East Suite 200 

Sandy, Utah 84070 PaOe 170 Of 207 

(801) 566-6633 




10 



15 



A method of performing nucleic acid amplification 
comprisiiy^g the steps of: 

providing a biological sample; 

ra\sing the temperature of the sample to a first 
temperature; 

begin cooling the sample within a period of time not 
greater than a\first period, the first period being equal 
to one second; 

lowering the temperature of the sample to a second 
temperature, the seco\d temperature being lower than the 
first temperature ; 

keeping the sample at\the second temperature for not 
more than the first period ;\a^ 

raising the temperayureX of /jthe sample from the 
second temperature to ^ thirdYtemWrature, the third 
temperature being highefr thaj/ the\second--^mperature . 



20 



37. A method of performing nucleic \amplification as 
defined in claim 36 wherein the step raising the 

temperature of the sample to a first temperatur^ and the step 
of lowering the temperature of the sample tV> a second 
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method of performing nucleic acid amplification 
while monit^vfing the progress of the amplification, the method 
comprising the. steps of: 

providing a biological sample to undergo nucleic 
acid amplification; 

subjectingX the biological sample to a temperature 
transition from\a first temperature to a second 
temperatures- 
exciting the \biological sample during the 
temperature transitionX such that radiation is emitted 



from the sampler- 



detecting the radiation 



is emitted from the 



sample at least once during /fcPxe tenltterature transition to 
determine at least one re^ctiok pfeirameter, 

40. A method of perf orming^rTucleic\acid arr^^ii-flcation as 
defined in claim 39 wherein the step\ of detecting the 
radiation comprises the step of determiK^ing the melting 
temperature of a product . 

41. A method of performing nucleic acid ampliNEication as 
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defined i\ claim 39 wherein the step of detecting the 
radiation comprises the step of determining the melting 
temperature of\ a probe . 
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42. A methodXof performing nucleic acid amplification as 
defined in claim 3^ wherein the step of subjecting the 
biological sample to ^ temperature transition comprises the 
step of increasing the temperature of the biological sample at 
a rate at least as great ks 2.5°C per second. 



43 . A method of performing nucleic acid amplification as 
defined in claim 39 wherein \the^-atep of subjecting the 
biological sample to a temperat^o^e transition comprises the 
step of increasing the temperature Af / the biological sample at 
15 least 40°C during a period of /not r^o\e fchan ten seconds. 



44. A method of performing nucleic Wid amplification as 
defined in claim 39 wherein the steA of exciting the 
biological sample during the temperature transition comprises 
2 0 the step of optically exciting the biological sample. 
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45. A\jnethod of performing nucleic acid amplification as 
defined in claim 3 9 wherein the step of detecting the 
radiation which Vs emitted from the sample comprises the step 
of optically detecting the radiation emitted from the sample. 

5 \ 

46. A method ofXperf orming nucleic acid amplification as 
defined in claim 39\ wherein the step of detecting the 
radiation which is emitted from the sample comprises the step 
of detecting the radiati^m emitted from the sample at least 

10 twice during the transitions^ 

47. A method of perf ormingXnucl^ic acid amplification as 
defined in claim 39 whdGrein tXe st^ of detecting the 
radiation which is emitted from the Nsample comprises the step 

15 of detecting the radiation emitted fi^om the sample at least 
twice during the temperature transitioriy, 



20 



48. A method of performing nucleic acrd amplification as 
defined in claim 3 9 wherein the step of \ subj ecting the 
biological sample to a temperature transitionX comprises the 
step of increasing the temperature of the biological sample 
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until the produ 



melted. 




biological sample is completely 
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49. container for holding a fluidic biological sample 
while undergoing nucleic acid amplification, the container 
comprising; 

a receVving portion having a first volume, the 
receiving port\on being adapted to receive the biological 
sample placed therein; and 

a reaction ^rtion, the reaction portion being in 
fluidic communication with the receiving portion such 
that the biological WmpleXplaced in the receiving 
portion can travel to th^. reAcMon portion, the reaction 
portion having an iittemAv voKune not greater than a 
second volume, the second volume being less than the 
first volume and not greater Vhan 1 milliliter and 
comprised of a material having a thermal conduct ively in 
the range from about 20 to about 35\ in accordance with 



cal cm ^ ^4 

the formula ( — ) ^ 

cm s degree C 
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container as defined in claim 4 9 wherein the 
receiver portrion comprises a plastic material. 



51. A cont\iner as defined in claim 49 wherein the 
5 receiver portion domprises a plastic material formed in a 




d in claim 4 9 further wherein 
f^r being removably inserted 



funnel structure. 

52 . A container asN 
the comprising a stopper, 
10 into the receiving portyZ 

53. A containe4 as ;i^f ined\^\ claim 49 wherein the 
second volume is not greater than alx>ut Ir^^-OO-O jxH, 




15 54. A container as defined in c\aim 49 wherein the 

container wherein at least a portion of the reaction portion 



is transparent 
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55. A system for carrying out and monitoring the 
progress of a biological reaction comprising: 

first holding means for holding a first biological 
sample; \ 

second holding means for holding a second biological 
sample; \ 

transporting means for moving the first and second 
means for hdlding between a non-monitoring position to a 
monitoring position; 

thermal Wcling means for repeatedly heating and 
cooling the fiVst holding means and the second holding 
means in both \the non-monitoring position and in the 
monitoring position to carry out thermal cycling on both 
the first biolo^cal sample and the second biological 
sample; \ 

monitoring means for ascertaining the biological 
reaction in the fiWst means for holding and the second 
means for holding when the biological sample is in the 
monitoring position! the means for monitoring comprising 
means for detecting radiation emitted from the biological 
sample; and 1 
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Controlling means for controlling the operation of 
the transporting means, thermal cycling means, and the 
monitoring means such that the progress of the biological 
reaction isv detected as thermal cycling occurs. 

56. A systeiX for carrying out and monitoring the 
progress of a biological reaction as defined in claim 55 
wherein the monitoring means comprises: 

an excitation source emitting excitation radiation; 

means for directing the excitation radiation to the 
monitoring position \such that the sample located at the 
monitoring position emits radiation; 

means for converging the emitted radiation to an 
electrical signal ; 

means for processing the electrical signal to arrive 
at a reaction parameter; 

means for displaying\ the reaction parameter; and 

means for recording tne reaction parameter. 



20 57. A system for carryindj out and monitoring the 

progress of a biological reaction as defined in claim 56 
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lerein the reaction parameter is selected from the group 
isisting of denaturation temperature and time, primer 
annealing temperature and time, probe annealing temperature 
and time, enzyme extension temperature and time, and number of 



5 cycles. 



58. A system for carrying out and monitoring the 
progress of\a biological reaction as defined in claim 56 
wherein: 

the ^citation source comprises a photo-emitting 
source, the Vhoto-emitting source selected from the group 
consisting of\a xenon lamp and a light emitting diode; 

the means \or converting the emitted radiation to an 
electrical signaA comprises a photo-detection device, the 
photo-detection device selected from the group consisting 
of a photo-multiplier tube and a photo-diode; and 

the means for processing the electrical signal to 



arrive at 



microprocessor . 



reaction parameter comprises a 



59. A system for carrymg out and monitoring the 
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progress of a biological reaction as defined in claim 58 
wherein \he means for converting the emitted radiation to an 
electricalX signal comprises a first photo-detection device, 
the first phtoto-detection device is selected from the group 
consisting of a photo-multiplier tube and a photo-diode and a 
second photo-de\ection device, the first photo-detection 
device and the second photo-detection device selected from the 
group consisting of \ photo-multiplier tube and a photo-diode. 
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60 \ A method of performing nucleic acid amplification 
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comprisingVbhe steps of: 

(aX providing a biological sample to undergo 
nucleic \cid amplification, the biological sample 
including a\ substance which emits radiation at a first 
wavelength which is related to the progress of the 
nucleic acid amplification; 

(b) adjusting the temperature of the sample over a 
first range including a first temperature and a second 
temperature, the secon^^ temperature being different than 
the first temperature; 

(c) detecting the \;adr^ion emitted by the 
biological sample a pluralVtyi of times when the 



temperature of the sample 



/ 

is wiphiLn the first range; 



(d) adjusting the teiiperAturV^^ the sample over a 
second ranqe including the second temperature and a third 

\ 

temperature, the third temperature beiaig different than 
the second temperature; and 

(e) detecting the radiation emiVted by the 
biological sample a plurality of times, when the 
temperature of the sample is within the second range. 
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6l\ A method of performing nucleic acid amplification 
and monitoring the amplification reaction as set forth in 
claim 60 further comprising the step of: 

(f) \ adjusting at least one parameter of the 

amplif icatrpn reaction in accordance with the radiation 

detected in step (c) or (e) . 



62. A method of\ performing nucleic acid amplification 
and monitoring the amplification reaction as set forth in 
10 claim 60 wherein the step \f adjusting the temperature of the 
sample over a first range dtpmga^Lse^ ^he step of ceasing to 
adjust the temperature of thd "^ampl/fe over a first range when 
product melting is substantiallyVoii^ete 

15 63 . A method of performing nucJNeic acid amplification 

and monitoring the amplification reaction as set forth in 
claim 60 wherein the step of adjusting the\ temperature of the 
sample over a second range comprises the st\ep of ceasing to 
adjust the temperature of the sample over a second range when 

20 primer annealing substantially ceases 
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64. A\method of performing nucleic acid amplification 
and monitoringy the amplification reaction as set forth in 
claim 60 further comprising the step of adjusting the 
temperature of theXsample over a third range and ceasing to 

5 adjust the temperaturfe of thea^ple over the third range when 
product accumulation reafches an effective level. 

65. A method of perkorttling nucleic acid amplification 
and monitoring the amplifL6atVon reaction as set forth in 

10 claim 60 wherein the^^-&fe^p of detecting the radiation emitted 
by the biological sample a plurality of times comprises the 
step of detecting the radiation emitted from the biological 
sample in the range from about 400 nni to about 800 nm. 
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66 



carousel for holding a sample and delivering it to 



a sample vessel for analysis, said carousel comprising 

a diW having a top surface, a bottom surface, an 
outer edge \extending therebetween, a sample receiving 
port in the Vop surface, a sample vessel port in the 
outer edge and\a sample passageway communicating with 
said sample receWing port and the sample vessel port, 
said sample vessel port and passageway formed for 
receiving and fixing^ sample vessel to the disc. 



67. The carousel of cMim 



closure for the sample receivingVpo/rt . 



further comprising a 



68. The carousel of c^ 



66 



iin the passageway 



15 includes a barrier that prevents a liquid sample delivered 
through the sample receiving port from flWing to the sample 
vessel port absent a biasing force on said Aiquid sample. 



69. The carousel of claim 66 or 68 furtherX comprising a 
2 0 sample vessel received in the sample vessel port.' 
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70. \ The carousel of claim 69 wherein the sample vessel 
is a capillary tube having a volume to surface area of greater 
than 1mm. 



71. The caVousel of claim 66 wherein the passageway 
communicates with trie sample vessel port, the sample receiving 
port, and at least \>ne additional port formed in said top 
surface . 



10 72. The carousel o^ claim 71 wherein the passageway 

includes a barrier that prWen^2r^'''''aNl^ sample delivered 

through the sample receiving ^^^^rt frbm flowing to the sample 
vessel port absent a biasing for^se pl[i said liquid sample, 



15 73. The carousel of Kilalm 72 Vherein the passageway 

includes an additional barrier that\ prevents a liquid 
delivered through the additional port frtom flowing into the 
sample vessel port absent a biasing forc^ on said liquid 
sample . 



20 



74. The carousel of claim 72 or 73 further )Eompri sing a 
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predete\iined reagent mixture in the passageway between the 
sample receiving port and the sample vessel port. 

75. The Carousel of claim 72 or 73 further comprising a 
5 sample vessel received in the sample vessel port. 



Q 

m 
m 
□1 
yi 
nj 

U1 

m 

Q 



76. The carousel of claim 74 further comprising a sample 
vessel received in th\ sample vessel port. 

10 77. The carousel of )6laim >6 wherein the sample vessel 

is a capillary tube having a Volume to surface area of greater 
than 1mm. 

78. The carousel if_3l^im 75'yi^erein the^ample vessel 
15 is a capillary tube having a volume to\su55<ace^area of greater 



than 1mm. 
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^ device for monitoring the fluorescence of a sample 
^ held within X sample vessel, said device comprising 
a chVmber; 

a satrble vessel holder for holding the sample 
vessel, sai\ sample vessel comprising an optically 
transparent material and walls defining a volume having 
at least first\and second dimensions wherein the first 
dimension is lesfe than the second dimension and wherein 
the ratio of volVme to external surface area of the 
vessel is less than 1mm; 

a light emitting source mounted in said chamber and 
positioned to illuminaVe the sample vessel along an axis 
substantially paralleA to a wall along the second 
dimension of the vessel; \and 

a light detector mounted in said chamber and 
positioned to measure flubrescence from the sample 
vessel along an axis substantially parallel to a wall 
along the second dimension of\the vessel. 



10 



15 



20 



80. The device of claim 79 whdorein the sample vessel 
holder comprises a carousel for ho\ding a plurality of 
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capillary tUes, said carousel being rotatably mounted in said 
chamber, sai^ device further comprising 

a stopper motor for rotating said carousel; and 
meansVor coupling said carousel to said motor. 
81. The dev\ce of claims 79 or 80 wherein the chamber is 
further provided with a heater and a fan mounted in said 
device in air f lowXcommunication with the chamber and a 
controller therefor foXrapidly cycling the temperature of the 



chamber . 
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82 . ^ device for conducting PGR reactions said device 
comprising 

a chamber; 

,er and a fan mounted in said device and in air 
flow commun\cation with the chamber; 

for holding a plurality of sample vessels, 
said carousel \eing rotatably mounted in said chamber; 

said sample vessels comprising an optically 
transparent matekl and walls defining a volume having 
at least first ani second dimensions wherein the first 
dimension is less t\an the second dimension and wherein 
the ratio of volume\to external surface area of the 

vessel is less than Ir 

a light emitting e^rce mounted in said chairber and 
positioned to llluminat\ at least one of the sample 
vessels along an axis subWantially parallel to a wall 
along the second dimension\of the vessel; and 

a light detector mXted in said chamber and 
positioned to measure fluorescence from at least one of 
the sample vessels along an aAis substantially parallel 
to a wall along the second dimension of the vessel. 
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83\ A handling system for a biological sample 
comprisingXa vessel having a sample delivery port and a 
funnel cap filing Baid vessel, said vessel comprising 
walls of anVtically transparent material, said walls 
defining a voluL wherein the ratio of vessel volume to 
external vessel s^face area is less than 1mm, said funnel 
cap having a first sJwle receiving port and a second sample 
transfer port and mea\ for releasably fixing the funnel cap 
on the vessel so that thk sample transfer port of the funnel 
cap and the sample delApry POrt of the vessel are in 
alignment . 



84. The sample handling sVei!^of claim 83 further 
comprising a plug for f rictional/f iK s^^ling engagement with 

15 the sample receiving port of tlie fun];5(^l\cap . 

85. The sample handling system of c\^im 83 wherein the 
vessel is a capillary tube. 



20 



86 



The sample handling system of claim 83Wrein the 
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^ ^ 87. \ system for performing PGR and monitoring the 
'^^eaction inXreal time comprising: 
a chamber; 

a heker and a fan mounted in said device and in air 
5 flow commuAcation with the chamber and a controller for 

cycling the\ temperature in the chamber according to 
initial predekned temperature and time parameters; 

a carouseAor holding a plurality of sample vessels 
said carousel beU rotatably mounted in said chamber, 
said sample vesselLomprising an optically transparent 
material and walls defining a volume having at least 
first and second dimer^ions wherein the first dimension 
is less than the second\dimension and wherein the ratio 
of volume to external sur\ace area of the vessel is less 
than 1mm; 

a light emitting source\mounted in said chamber and 
positioned to illuminate at\ least one of the sample 
vessels along an axis substantially parallel to a wall 
along the second dimension of vessel; and 

a light detector mounted \ in said chamber and 
positioned to measure f luorescence\ from at least one of 

Page 194 of 207 
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.e sample vessels along an axis substantially parallel 
to\wall along the second dimension of the vessel; 

.ns for displaying the status of the reaction 
based det\cted fluorescence. 

88. The system of claim 87 further comprising means for 
adjusting the controller such that one or more reaction 
parameters the reaction is adjusted in real time. 



10 
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89. The system of claim 87 or 88 wherein the carousel 
comprises : 

a disc having a top surface, a bottom surface, an 
outer edge extending therebetween, a sample receiving 
port in the top surface, a sample vessel port in the 
outer edge, and a sample passageway communicating with 
said sample receiving port and the sample vessel port, 
said sample vessel port and passageway formed for 
receiving and fixing a sample vessel to the disc. 

90. T\e system of claim 87 or 88 wherein the sample 
vessels are \pillary tubes having an inner diameters ranging 
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from about 0.02mm to about 1.0mm. 

91. The system of claim 89 wherein the passageway of the 
carousel includes a barrier that prevents a liquid sample 
5 delivered through the sample receiving port from flowing to 
the sample vessel port absent a biasing force on said liquid 
sample . 

92. The system of claim 89 further comprising a motor 
10 for rotating the carousel to provide a biasing force 

liquid sample delivered through the sample receiving port. 



on a 
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93 \ A method for adding a liquid sample to a capillary 
sample ves^^L, said method comprising the steps of: 

selecting a carousel for receiving said sample and 
holding ^^d sample vessel, said carousel comprising a 
disc having\ top surface, a bottom surface and an outer 
edge extending therebetween, a sample receiving port in 
the top surface\a sample vessel port in the outer edge 
and a sample pass^eway communicating with said sample 
receiving port andVe sample vessel port, said sample 
vessel port and pas^geway formed for receiving and 
fixing a sample vessel eo the disc; 

delivering the licp^d/^ple into the sample 

receiving port; ' ^ ^ 

positioning a capi^Lary \sc 
sample vessel port; and 

rotating the carousel to/elivWthe sample into the 

capillary sample vessel. 



pie vessel into the 



94 . The method of claim 93 further com^ising the step 
20 of adding a predetermined mixture to the sampleX^essel before 
positioning it into the sample vessel port. 
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95. TheNnethod of claim 93 further comprising the step 
of positioning'^X predetermined mixture in the sample 
passageway before delivering the liquid sample into the sample 
receiving port . 

96. The methoi ofVtlaim 94 or 95 wherein the 
predetermined mixture \:6^^^riW reagents for conducting 
analysis of the liquid sample, 
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97. \ A method for adding a liquid sample to a capillary 
sample vessel, said method comprising the steps of: 

selecting a carousel for receiving said sample and 
holding kid sample vessel, said carousel comprising a 
disc having\a top surface, a bottom surface and an outer 
edge extendiriq therebetween, a sample receiving port in 
the top surfacV a sample vessel port in the outer edge 
and a sample paLageway communicating with said sample 
receiving port and, the sample vessel port, wherein the 
passageway includes\a barrier that prevents a liquid 
sample delivered throiigh t>:f-^mple receiving port from 



15 



20 



flowing to the sample ve^ 
on said liquid sampl 
passageway formed for 
vessel to the disc; 




irt absent a biasing force 
sample vessel port and 
ng and fixing a sample 



delivering the liquid sample into the sample 



receiving port; 

positioning a capillary sampk vessel into the 

sample vessel port; and 

rotating the carousel to deliver theX^ample into the 

capillary sample vessel. 



Tborpc, North & Western 
9035 South 700 East Sutte 200 
Sand;, Utah 84070 
(801) 5«6-M33 



Page 199 of 207 



10 



98\ The method of claim 97, wherein the passageway 
communicXes with the sample vessel port, the sample receiving 
port and ^ least one additional port formed in said top 
surface, sa\d method comprising the additional step of 
delivering a ^cond liquid into the passageway through the 
additional portVefore the carousel is rotated, so that when 
the carousel is Wated to provide a biasing force on the 
liquid sample and ti^e second liquid, they are mixed as they 
are delivered into the capillary vessel. 



99. The method ofv claim 98 wherein the passageway 
includes an additional barrde/that prevents the second liquid 



from flowing to the sampla/v^sel 
on said second liquid de[Livered ^n 
15 the additional port. 



irt absent a biasing force 
o the passageway through 



20 



100. The method of claim 99y wherein the additional 
barrier prevents the second liquid sample from flowing to the 
sample vessel port when the carousel is rotated a 
predetermined rate of rotation that delivers the first sample 
to the capillary sample vessel, said method comprising the 
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additiona\step of rotating the carousel at a second higher 
rate of rotation that delivers the second liquid into the 
capillary vessel. 

101. The md^hod of claims 97, 98, 99 or 100 further 
comprising the steto of adding a predetermined mixture to the 
sample vessel befor\ positioning a capillary sample vessel 
into the sample vesselX port . 



10 102. The method of/caaims /, 97 , 98, 99 or 100 further 

comprising the step of/ cou^^inj^ the carousel to a stepper 
motor for rotating said 

103. The method of claims 101 wherein the predetermined 
15 mixture comprises reagents for conducting analysis of the 
sample . 
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104\ A system for detecting the presence of a target 
nucleic acid sequence in a sample, said system comprising: 

a pair of oligonucleotide probes that hybridize to 
adjacent i<egions of the target nucleic acid sequence, one 
of said proEaes being labeled with an acceptor fluorophore 
and the otheA probe labeled with a donor fluorophore of 
a fluorescenceX energy transfer pair, wherein the donor 
fluorophore emission and the acceptor fluorophore 
absorption overlaj^ less than 25%, and the acceptor 
fluorophore has a ^eak extinction coefficient greater 
than 100,000 M'^cm-^ ahd upon hybridization of the two 
probes with the target It^fqbence, the donor and acceptor 
fluorophores are withiri ik i/bcleotides of one another. 



15 



105. The system of clairtrl04 wft^^iiL^e resonance energy 
transfer pair comprises fluorescein the donor, 



20 



106. The system of claim 105 whereiAcy5 is the acceptor 



fluorophore . 



107. The system of claim 104 wherein Vhe donor and 
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acceptor fluorophores within 0-5 nucleotides of one 

another when the probes 4r^%bridized to the target nucleic 
acid sequence. 
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108. \ A method for enhancing detection and 
efficiency \f acquisition of fluorescence in a sample 
comprising a fluorophore, said method comprising the steps 



of 



10 



placing Ghe sample in a sample vessel, said sample 
vessel comprising an optically transparent material and 
walls defining a ^lume having at least first and second 
dimensions wherein Vhe first dimension is less than the 
second dimension and wherein the ratio of volume to 
external surface area \f the vessel is less than 1 mm; 



and 



detecting the florescence along an axis 



substantially parallel/ to\ a 



dimension of the vessel 



11 along the second 




15 
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109, 



The method of cl^m 108 wherein the 



fluorescence is induced by fauorophore-excitatory 
illumination of the sample and the methdsd further comprises 
illuminating the sample along an axis substantially parallel 
to a wall along the second dimension of the\ vessel. 
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110. 



The method of claim 108 wherein the 



10 



fluorescenceX is induced by fluorophore- excitatory 
illumination oX the sample and the method further comprises 
illuminating th\ sample along the fluorescence detection 
axis . 



111. The method of claim 108, 109, or 110 wherein 

the ratio of the volumeXto the external surface area of the 
vessel is less than 0 . 5mn 



112 . 



The method ofVlaim 108, 109, or 110 wherein 



the ratio to the volume to /%tea^nal surface area of the 
vessel is less than 0.25mm. 

15 113. The method of claim\ 108, 109, 110 or 111 

wherein the vessel is a capillary tub> 

114. The method of claim 108\ 109, 110 or 111 

wherein the vessel comprises two space^-apart plates or 
20 sheets sealed at their edges 
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The method of claim 108 wherein the 



fluorescence Ife detected along an axis through a wall of the 
vessel having the smallest surface area. 

5 116. The m^hod of claim 115 wherein the sample is 

illuminated along the Vuor^scence detection axis 



10 



117. The rtfethod <5^claim 115 wherein the vessel is 

a capillary tube anc\f]^res\en5B— t^detected along an axis 
through the bottom of the capils^ary tube, 
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